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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solder alloy and an electronic member having a solder ball and a 
solder bump having improved fatigue resistance and excellent impact resistance. 
SOLUTION: This solder alloy used for a solder bump and solder ball or an electronic member has a 
composition containing, by mass, 55 to 70% Sn, 0.5 to 5.0% Ag, 0.1 to 3.0% Sb, 0.1 to 3.0% Bi, 0.01 to 
0.1% Cu and the balance Pb with inevitable impurities. The total content of Ag, Sb, Bi and Cu is <5.0%. 
Further, one or more metals selected from the group consisting of Fe, Ni, Zn, In, Pt and Pd are contained 
by 0.01 to 0.5%. Moreover, 0.0005 to 0.005% P is contained. The electronic member has a solder bump 
and a solder electrode formed of the same solder alloy. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Sn: The solder alloy which consists of the remainder Pb and an unescapable impurity, and is characterized by 
the sum total content of Ag, Sb, Bi, and Cu being below 5.0 mass % including 55 to 70 mass %, 0.5 to Ag:5.0 mass %, 
0.1 to Sb:3.0 mass %, 0.1 to Bi:3.0 mass %, and Cu:0.01 - 0.1 mass %. 

[Claim 2] The solder alloy according to claim 1 characterized by doing in total 0.01-0.5 mass % content of one sort or 
two sorts or more of metals chosen from the group which furthermore consists of Fe, nickel, Zn, In, Pt, and Pd. 
[Claim 3] The solder alloy according to claim 1 or 2 characterized by containing further P:0.0005 - 0.005 mass %. 
[Claim 4] The solder alloy according to claim 1 to 3 characterized by using for the solder bump for electronic members. 

[Claim 5] The solder ball for electronic members characterized by consisting of a solder alloy according to claim 1 to 3. 

[Claim 6] It is the electronic member characterized by being the electronic member which has a solder bump and some 
or all of this solder bump coming to form with a solder alloy according to claim 1 to 3. 

[Claim 7] It is the electronic member which is an electronic member which joined between two or more electronic parts 
with the solder electrode, and is characterized by coming to form some or all of this solder electrode with a solder alloy 
according to claim 1 to 3. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the solder alloy suitable for a minute soldered joint of the electronic 
parts used in the environment where the metal fatigue tends to happen by adding especially repeated stress, such as a 
temperature cycle, about the electronic member which has a solder alloy, a solder ball, and a solder bump. 
[0002] 

[Description of the Prior Art] In case electronic parts are mounted in a printed-circuit board etc., generally the solder 
alloy of the Sn-Pb eutectic circumference (Sn:63%-Pb:37%) is used widely, and the same solder component is mainly 
used also in the solder ball for BGA (Ball Grid Array) which is increasing rapidly these days. In the printed circuit 
board included in electronic equipment, and the integrated-circuit-device substrate for which BGA is used, it is put to 
the bottom of the thermal shock cycle environment where heating cooling is repeated, in connection with ON/OFF of 
the equipment SUWITCHI concerned. 

[0003] If the soldered joint section is put to the bottom of a thermal shock cycle environment, thermal stress will arise 
according to the coefficient-of-thermal-expansion difference of electronic parts and a printed circuit board. In order to 
connect a mounting printed-circuit board etc. with Si chip type element with a direct solder ball in minute solder ball 
connection of the flip chip bonding which attaches especially an integrated circuit chip in a direct substrate, the thermal 
stress which originates in the coefficient-of-thermal-expansion difference of a silicon chip and a printed-circuit board, 
and is generated is very large. Since it is weak in material strength, when this thermal stress concentrates on a joint with 
the small cross section, and the reinforcement of a joint solder ingredient receives repeat thermal stress as compared 
with other jointed members, a crack occurs in the solder of the flip-chip-bonding section, and it results in fatigue 
breaking. 

[0004] It corresponds to the part to which the soldered joint section tends to be conventionally destroyed by thermal 
stress by mounting gestalt design which a component lead is incurvated and eases thermal stress with components, or 
the cure of reducing the correspondence which enlarges the electrode pad of a joint, i.e., the stress which increases the 
amount of joint solder and is applied to a joint as a result, has been made. 

[0005] Furthermore, improvement in on the strength of a solder ingredient has been achieved by adding the third 
element into a Sn-Pb system alloy conventionally etc. that the fatigue resistance of a solder ingredient should be 
improved. As what added the third element into the Sn-Pb system alloy, by JP,1-127192,A or JP,1-1237095,A, Sb, In, 
Ag, Cu, Bi, Te, nickel, etc. are added, and fatigue resistance is raised. In addition, although various solder alloys are 
proposed, it is tried for those many to raise the reinforcement of an alloy, creep resistance, and fatigue resistance by 
adding the third element to a Sn-Pb system alloy by depositing an intermetallic compound in the grain boundary of Sn 
phase under solder organization and Pb phase, controlling coarse-grain-ization of crystal grain with this compound, or 
making it function as a pin site of pinning which controls plastic deformation. 

[0006] In JP,3-204194,A, the element chosen from Cu, nickel, Au, Ag, Pt, etc. as an element which is easy to form Sb 
and Sb, and a compound in a PbSn base material is added, the grain boundary section which carried out the distributed 
deposit of the intermetallic compound is formed, and the improvement of the thermal fatigue property of a PbSn base 
material and creep resistance is aimed at. 

[0007] In JP,7-178587,A, Ag, Sb, and P are added to SnPb system solder, and the improvement of a fatigue property is 
aimed at. Ag and Sb are added in order to raise the material strength of solder, and P is used in order to improve the 
thermal fatigue property of solder. The metal further chosen as this alloy from Cd, Bi, In, Zn, Cu, and Ga is made to 
contain 0.1 1% or more. Cd, Bi, and In are the purposes for which the melting point of solder is reduced, and Zn and Cu 
use for the purpose of improvement in material strength. 

[0008] In JP, 1-237095, A and JP,3-32487,A, Sb and In are added to PbSn system solder, Ag and Cu are further added to 
this, and fatigue resistance is raised. It is presumed that it is the cause of bringing about the fatigue resistance excellent 
in strengthening (improvement in tensile strength) by the simultaneous adding of Sb and In. Fatigue resistance is 



further improved by adding Ag and Cu to this. The desirable content of Ag and Cu supposes that it is 0.1% or more, 
respectively. JP,3-106591,A - setting - ** - at least one sort of In and Ga, and ** at least one sort of Sb and Bi, and 
** - the PbSn system solder which is excellent in the fatigue resistance containing at least two sorts, ** which consists 
of at least one sort of Ag and Au - **, is indicated. 
[0009] 

[Problem(s) to be Solved by the Invention] Since a surface mount and BGA mounting progress in a notebook 
computer, a video camera, a cellular phone, etc. and contraction of substrate electrode pad area is progressing rapidly 
especially with high-density-assembly-izing of electronic parts in recent years, it is in the situation that the amount of 
solder like a joint must be few-quantified. That is, the plane-of-composition product of a soldered joint part falls, and 
the stress concerning a joint is increasing. Moreover, by high density assembly, since high efficiency and a 
miniaturization progressed, carrying-ization of a signal transduction device also progressed quickly. In addition, the 
device concerned in the bottom of arctic [ of the desert of the red heat which an economic activity field came to attain 
to the earth scale, and did not consider conventionally, either, or polar zone high ground ] etc. is used. Under such a 
situation, the solder packaging design in consideration of the soldered joint section being put to the bottom of a still 
severer environment is called for, therefore the demand of the fatigue-resistant improvement to a solder ingredient is 
increasing further. 

[0010] A cellular phone needs to assume the situation of dropping a floor line accidentally while in use from the special 
feature on the use. It is required that it should have only the shock resistance which the soldered joint part of the 
electronic parts used also to such an impact does not destroy. On the other hand, in the conventional fatigue-resistant 
solder alloy, by mainly increasing the reinforcement of solder, the fatigue-resistant improvement is aimed at and the 
inclination to fall rather about shock resistance as the result was seen. 

[001 1] Fatigue breaking of solder is produced when the thermal stress in a connection concentrates on a solder 
ingredient. That is, a connection has only the reinforcement holding elastic deformability and connection, absorbs 
thermal stress, and is easing the stress by which a load is carried out from a wired member. When the intermetallic 
compound which has a weak hard property is made to exist more than a constant rate, the spread nature of solder is 
checked and the stress relaxation of a connection is made to decline, although grain boundary sliding and a certain 
amount of effectiveness to control of destructive crack progress are under a solder organization and in the grain 
boundary when an intermetallic compound is distributed and deposited. As a typical thing of the conventional fatigue- 
proof solder, some which added little Ag as the third element are in a Sn-Pb system alloy, an Ag3Sn intermetallic 
compound is deposited, grain boundary sliding is controlled, and fatigue resistance is raised. 
[0012] However, although reinforcement goes up about 20% as compared with a Sn-Pb system alloy eutectic 
presentation (Sn63-Pb37) when little Ag is added as the third element into a Sn-Pb system alloy, stretch decreases 
about 20% conversely and synthetic fatigue-resistant improvement cost is not so large. Quality sufficient about shock 
resistance as a result to which stretch decreased is not securable. That is, a Sn-Pb system solder alloy with which the 
solder alloy excellent in the fatigue resistance and shock resistance which are needed with the solder ball alloy for BGA 
used in case CPU and electronic parts are mounted in a printed-circuit board is a solder alloy which has the spread 
nature for easing reinforcement, and the thermal stress and the impact for holding mounting components, and it is 
satisfied of such [ conventionally ] reinforcement and spread nature was not found out. 

[0013] In the electronic member which has a solder alloy, a solder ball, and a solder bump, this invention aims at 
offering the solder alloy excellent in shock resistance etc. at the same time it raises fatigue resistance more than before. 
[0014] 

[Means for Solving the Problem] In this invention, Ag is added into a Sn-Pb system alloy, detailed distribution of the 
Ag3Sn intermetallic compound is carried out during a crystal, and fatigue resistance is raised. 

[0015] Sn has the property which metamorphoses at 13.2 degrees C. In a Sn-Pb system alloy, fracture tends to advance 
remarkably at the time of Sn transformation in low temperature, and it results in destruction of a solder electrode joint 
as the result, the TCT test (for example, repeat of a -40 degrees C - 125 degrees C heating cooling cycle) used for the 
heat-resistant fatigue characterization of a solder electrode joint - setting - low temperature ~ a pan - the bottom - 
the time - fracture of a solder electrode joint - progressing - just - being alike - it results in destruction. By making 
the Sn-Pb system solder alloy which added Ag contain Sb further, this invention could control Sn transformation in low 
temperature, and realized the heat-resistant fatigue property that it could flxlly bear also in cold district conditions. 
[0016] This invention has improved fatigue resistance further, without spoiling the ductility which a solder alloy has in 
the Sn-Pb system alloy which added Ag and Sb by carrying out optimum dose content of Cu and the Bi further, and 
succeeded in raising shock resistance to coincidence. 

[0017] It makes it face that a fatigue-resistant solder alloy contains Cu conventionally, and in order to raise the 
reinforcement of an alloy, 0.1% or more of Cu was made to contain. When this invention person made Cu contain 0.1% 
or more, it found out that ductility fell, although reinforcement improved. And it found out that an alloy equipped with 
the ductility which was excellent while acquiring the improvement effectiveness in on the strength of a solder alloy was 



objtainedby making the content of Cu into about 0.05% most preferably 0.1% or less. Moreover, Bi fully dissolved to 
Pb uniquely and has improved reinforcement by making Bi content into 3% or less further, without spoiling the 
ductility of a solder alloy. 

[0018] Although the elongation of a Sn-Pb system solder alloy discovers maximum mostly of an eutectic component, if 
this eutectic component is made to contain other elements, the elongation of an alloy will decrease. On the other hand, 
in especially the component system of this invention, the ductility of an alloy was securable by [ which stop the total 
content of a component to 5% or less in addition to this ] making a Sn-Pb system alloy contain. 
[0019] That is, the place made into the summary of this invention is as follows. 

(1) The solder alloy which consists of the remainder Pb and an unescapable impurity, and is characterized by the sum 
total content of Ag, Sb, Bi, and Cu being below 5.0 mass % including 55 to Sn:70 mass %, 0.5 to Ag:5.0 mass %, 0.1 
to Sb:3.0 mass %, 0.1 to Bi:3.0 mass %, and Cu:0.01 - 0.1 mass %. 

(2) Solder alloy given in the above (1) characterized by doing in total 0.01-0.5 mass % content of one sort or two sorts 
or more of metals chosen from the group which consists of Fe, nickel, Zn, In, Pt, and Pd further. 

(3) The above (1) characterized by containing further P:0.0005 - 0.005 mass %, or solder alloy given in (2). 

(4) The above (1) characterized by using for the solder bump for electronic members thru/or a solder alloy given in 
either of (3). 

(5) The solder ball for electronic members characterized by consisting of the above (1) thru/or a solder alloy given in 
either of (3). 

(6) It is the electronic member characterized by being the electronic member which has a solder bump and some or all 
of this solder bump coming to form with the above (1) thru/or a solder alloy given in either of (3). 

(7) It is the electronic member which is an electronic member which joined between two or more electronic parts with 
the solder electrode, and is characterized by coming to form some or all of this solder electrode with the above (1) 
thru/or a solder alloy given in either of (3). 

[0020] 

[Embodiment of the Invention] The solder alloy of this invention is carried out in view of the lack of spread nature 
inversely proportional to the improvement in on the strength which was the weak spot of the fatigue-proof solder of a 
type conventionally which deposits an intermetallic compound all over solder solidification structure. That is, it is the 
solder alloy which was excellent in the fatigue resistance and shock resistance which have the Sn-Pb system alloy 
eutectic presentation average or the plasticity beyond it in the spread nature for having sufficient reinforcement needed 
in order to hold mounting components with still a small amount of [ the solder alloy itself] solder, and easing thermal 
stress, an impact, etc., without an intermetallic compound depositing too much all over solidification structure by the 
solid state by fusing to homogeneity in the state of a liquid. 

[0021] Sn takes the eutectic temperature (183 degrees C) to which the melting point becomes the lowest in the eutectic 
point (Sn:63 mass %), when it alloys with Pb. In order to consider as the component suitable for the junction in the 
solder ball for BGA used in case CPU and electronic parts are mounted in a printed-circuit board, it is necessary to 
make the solder alloy of this invention into 55 to Sn:70 mass %. 

[0022] When it adds into a Sn-Pb solder alloy, Ag carries out the detailed deposit of the intermetallic compounds, such 
as Ag3Sn, in the grain boundary etc. at the time of solder coagulation, controls coarse-grain-ization of Pb, and is 
effective in improving fatigue resistance. It does not see, and liquidus-line temperature rises in the addition more than 5 
mass %, and an improvement remarkable in fatigue resistance stops being suitable for the solder for BGA used in case 
CPU and electronic parts are mounted in a printed-circuit board in the addition smaller than 0.5 mass % in a Sn-Pb 
solder alloy. It is desirable to make Ag content below into 2.5 mass % from an economical viewpoint. 
[0023] This invention can control Sn transformation in low temperature by making the Sn-Pb system solder alloy 
containing Ag contain Sb further as mentioned above. Since under 0.2 mass % of Sb content is not enough as the 
depressor effect of a low-temperature transformation of Sn, it makes a minimum 0.2 mass %. Moreover, since the 
wettability of solder will begin to fall if 3.0 mass % is exceeded, an upper limit is made into 3.0 mass %. 
[0024] While realizing conventionally difficult 1000 cycle endurance, improving the dependability in the flip chip 
bonding which connects the silicon chip in semiconductor device mounting to a direct substrate fiirther in this invention 
in the heat cycle impact test (TCT evaluation) in a soldered joint with a substrate-substrate in addition to the fatigue- 
resistant improvement in the above solder alloys and increasing practicality, in order to improve shock resistance, 
optimum dose addition of Cu and Bi is performed. 

[0025] Cu improves the reinforcement of a solder alloy and improves fatigue resistance. In the conventional fatigue- 
resistant solder alloy, in order to acquire the improvement effectiveness in on the strength by Cu, it was made desirable 
to make Cu contain 0.1% or more. However, when Cu exceeding 0.1% was made to contain, although reinforcement 
improved, it became clear that the ductility of a solder alloy falls. In this invention, by making the upper limit of Cu 
content into 0.1 mass %, improvement in reinforcement is aimed at without spoiling the ductility of a solder alloy, and 
the greatest description is in the point of having improved the fatigue resistance and shock resistance of a solder alloy 



sharply. In order to acquire the effectiveness by Cu content, the minimum of Cu content is made into 0.01 mass %. 
More preferably, an upper limit is made into 0.07 mass %, and the range of Cu content makes a minimum 0.03 mass %. 
The most desirable result is obtained in Cu content of 0.05 mass % extent. 

[0026] This invention adds Bi into a solder alloy, in order to improve reinforcement further, without spoiling ductility. 
Bi fully dissolves to Pb uniquely and can improve a mechanical property by little Bi addition. In order to acquire the Bi 
addition effectiveness, it is required to contain more than 0.1 mass %. On the other hand, since a solder alloy will 
become in brittleness if Bi content exceeds 3.0 mass %, an upper limit is made into 3.0 mass %. The more desirable 
range of Bi for improving the mechanical strength of a solder alloy and not spoiling ductility is 0.1 to 1.0 mass %. 
[0027] In an eutectic component, as for a Sn-Pb system solder alloy, elongation serves as max mostly. If other elements 
are made to contain in an eutectic component, the elongation of a solder alloy will be affected especially in the 
component system of this invention. In this invention, good ductility is securable by making the sum total content of 
Ag, Sb, Bi, and Cu below into 5.0 mass %. If the sum total content of these components exceeds 5.0 mass %, the 
ductility of a solder alloy will decrease sharply. 

[0028] In the above (2) of this invention, 0.01-0.5 mass % content of one sort or two sorts or more of metals chosen 
from the group which becomes invention of the above (1) from Fe, nickel, Zn, In, Pt, and Pd further is done in total. If 
these components are contained, Sn and/or Sb, and a detailed intermetallic compound will be made, and it will 
contribute to coarse-grain-ized control of Pb by carrying out detailed distribution into solder. However, since the 
ductility of this solder alloy fell when the content exceeded 0.5 mass %, the upper limit of a content was made into 0.5 
mass %. Moreover, since the case where this element is not contained, and a clear difference were not accepted when 
the content of this alloy element became under 0.05 mass %, 0.05 mass % was made into the minimum of a content. 
[0029] In the above (3) of this invention, further P:0.0005 - 0.005 mass % are contained in invention of the above (1) 
and (2). If P is contained, effectiveness will be in the wettability improvement of solder and wettability will improve by 
P addition more than 0.0005 mass %. Moreover, in P addition exceeding 0.005 mass %, the solder alloy ingredient 
became hard, and since it stopped having shown the material property for the application for which ductility is needed 
like a TCT evaluation ingredient and an impact-proof evaluation ingredient, the upper limit of P content was made into 
0.005 mass %. 

[0030] Since the solder alloy of this invention is excellent in the property for fatigue, and especially the opposite 
impact property while having high material strength, as stated to the detail above, if the solder alloy of this invention is 
used as a solder bump for electronic members, it can obtain a desirable result. 

[0031] The solder ball of the above (5) of this invention is suitable as a solder ball for forming a solder bump. A solder 
bump is formed on the electrode of an electronic member front face by putting the solder ball of this invention on the 
electrode formed in the front face of an electronic member through flux or soldering paste, and carrying out a melting 
reflow of the solder by subsequently to an elevated temperature heating. 

[0032] The above (6) of this invention is an electronic member which has the solder bump formed with the solder alloy 
of this invention. It is desirable when it forms on an electronic member, using the solder ball of this invention (5) as a 
means to form a solder bump. 

[0033] In facing forming a solder bump and using soldering paste, the solder bump after a reflow becomes that in 
which the solder ball and the solder component in soldering paste carried out melting mixing. While the solder alloy 
with which Ag, Sb, Bi and Cu of this invention, and other solder alloy contents are contained so much during the paste 
may be used for the soldering paste used in the case of a reflow, the Sn-Pb eutectic solder which does not contain the 
alloying element at all may be used. Therefore, after the solder and solder ball under paste are mixed, it is good [ the 
content of the alloying element contained in a solder ball ] to adjust addition constituent concentration according to the 
component and the amount of the use paste used so that an alloying element content may serve as the optimal 
component range in this invention solder alloy. 

[0034] In the electronic member which joined between two or more electronic parts with the solder electrode like flip 
chip junction, as it is in the above (7) of this invention, some or all of this solder electrode is formed with the solder 
alloy of this invention. On the occasion of junction, a solder bump is formed with the solder alloy of this invention on 
the flat electrode on each front face of electronic parts joined first (this invention (6)). Subsequently, by making the 
electronic parts of two sheets in which the solder bump was formed meet, contacting the solder bump on the electrode 
to join mutually, and heating to an elevated temperature, both solder bumps will do melting and a reflow, and the joint 
between the electronic parts which met will be joined with a solder electrode. Since it is joined with the solder alloy of 
this invention, while the solder electrode like a joint has high reinforcement, the property for fatigue and especially the 
opposite impact property are excellent. 
[0035] 

[Example] (Example 1) The solder ball with a diameter of 300 micrometers which has the component shown in the 
evaluation table 1 of a heat-resistant fatigue property was manufactured, this solder ball was put on the electrode on the 
front face of a substrate through soldering paste, and it carried out melting and a reflow, and considered as the solder 



bump. The number of electrodes on a substrate is 240. The glass epoxy resin substrate (1cm angle) same as a substrate 
as a glass epoxy resin substrate (4cm angle) was used. Both substrates were made to meet, both solder bumps were 
contacted, and flip chip junction of both the substrates was carried out melting and by carrying out a reflow. 
Subsequently, the thermal shock cycle test was performed about this electronic member that carried out flip chip 
junction. The thermal shock cycle test (TCT evaluation) bet the -40 degrees C - 125 degrees C heat cycle, and 
considered as success what fracture did not generate up to 1000 cycle. The heat cycle was carried out up to further 2000 
cycles, and investigated transition of a fracture incidence rate. 

[0036] In Table 1, the examples 1-4 of this invention are examples of this invention. For Ag, a Sb content Sn-Pb 
eutectic alloy, and the example 4 of a comparison, a Sn-Pb eutectic alloy and the example 2 of a comparison of the 
example 1 of a comparison are [ an Ag content Sn-Pb eutectic alloy and the example 3 of a comparison ] examples to 
which the content of Cu separates from the range of this invention in an upper limit. 
[0037] 

Table 1] 









ta%) I 


Pb 


Sn 




Cu 


Sb 


Bi 






m 


62.0 


2.0 


005 


0.5 


0.3 






9 


62.0 


2.2 


0.05 


0.7 


0.3 






9 


61.5 


2.2 


0.05 


0.7 


0.3 


Fe:0.05 




9 


62.0 


2.1 


0.05 


0.6 


0.1 


In:0.3 




9 


63.0 














9 


62.0 


2.0 










mm 


9 


62.0 


2.0 




0.5 




Ni:0.05 


mm* 


9 


62.0 


2.0 


0.2 


0.5 


0.3 





;0038] 



[Table 21 








0 


200 


400 


600 


800 


1000 
♦MM 


1200 

«» 


1400 


1600 


1800 


2000 
Mb 




0.0 


0.0 


0.0 


0.0 


0.0 


00 


12.0 




?1J2 


95? 


100.0 




0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


4.8 


19.1 


49.9 


88.0 


100.0 




0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


11.4 


33.5 


92.7 


100.0 




0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


6.4 


24.9 


81.6 


100.0 




0.0 


0.0 


0.0 


0.0 


45.0 


94.0 


100.0 


100.0 


100.0 


100.0 


100.0 




0.0 


0.0 


00 


0.0 


15.0 


55.5 


890 


100.0 


1000 


1000 


1000 




0.0 


Pi9 


9.0 


..0,0 


0,0 


.16i9 






100.0 


100.0 


100,0 


ttrnn 


0.0 


0.0 


0.0 


0.0 


0.0 


3.1 


42 7 


92.0 


100.0 


1000 


100.0 



[0039] The result of a fracture incidence rate is shown in Table 2. In 1000 cycles, fracture all did not occur, but the 
examples 1-4 of this invention were able to obtain the good result. In 1000 cycles, fracture has all generated the 
example of a comparison to it. In the example 4 of a comparison, since the content of Cu had separated from 0.2% and 
this invention range, fracture occurred in 1000 cycle. 

[0040] The most suitable content of Sb is 0.5 mass %. In the example 1 of this invention, although Sb content in a 
solder ball was 0.5 mass %, in a solder bump, it dilutes with the solder in soldering paste, and Sb content is considered 
to have fallen a little. It is thought that Sb content in a solder ball was 0.7 mass % in the examples 2 and 3 of this 
invention, it similarly diluted in the solder bump and 0.5 mass % which is a suitable content rather was approached on 
the other hand. Consequently, as shown in Table 2, in 1200 to 1600 cycle of a heat cycle test, the examples 2 and 3 of 
this invention have brought a good result from the example 1 of this invention. 

[0041] (Example 2) Two glass epoxy resin substrates were joined like the above-mentioned example 1 using the solder 
ball with a diameter of 300 microns which has the component shown in the evaluation table 3 of an impact property- 
proof. The impact property-proof was evaluated by ****ing and carrying out the stop of this substrate to the upper part 
of an aluminum plate with width of face of 1 1cm, a die length [ of 1 1cm ], and a thickness of 2cm, making it fall from a 
location with a height of 70cm, and checking the flow of each soldered joint section. The phase which had 50% or 
more of resistance change from the handshake resistance condition was defined as defective continuity and fracture, the 
five substrate each set was dropped, and the number of impacts-proof [ average ] estimated each connection 
dependability. The examples 1-4 of this invention and the examples 1-3 of a comparison are the same as that of an 
example 1. The example 5 of a comparison of the example 4 of a comparison is an example for which it is the example 
to which the content of Cu separates from the range in an upper limit, and the content of Fe separates from the upper 
limit of this invention to this invention. 
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[0043] In the examples 1-4 of this invention, the number of impacts-proof [ average ] all indicated the good result to be 
8.5 times or more. Although the conventional solder alloy for a fatigability was all used for the examples 2, 3, and 4 of 
a comparison, it became clear that the number of impacts-proof [ average ] was about 7 times, and the solder alloy of 
the example of this invention was excellent in shock resistance. In the example 5 of a comparison, since the content of 
Fe is over 0.5 mass % which is the upper limit of this invention, ductility falls remarkably and the number of impacts- 
proof [ average ] has not reached to 3 times in the impact-proof evaluation by fall. 
[0044] 

[Effect of the Invention] In the Sn-Pb system solder alloy containing Ag, Sb, Bi, and Cu, while having high mechanical 
strength and the outstanding opposite fatigability by optimizing especially the content range of Cu, the solder alloy 
excellent also in opposite impact nature was able to be obtained. Fatigue breaking of the soldered joint section and 
impact destruction were able to be prevented by adding especially repeated stress, such as a temperature cycle, about 
the minute soldered joint of the electronic parts used in the environment where the metal fatigue tends to happen by 
applying this solder alloy to the solder bump for electronic members, and the solder ball for electronic members, and 
applying to the electronic member which has a solder bump further. 



[Translation done.] 



